The aim of this study was to investigate differences in disease incidence between organic and conventional herds. The study was based on data from the Norwegian Dairy Herd Recording, which includes the Norwegian Cattle Health Recording System. All herds certified for organic farming in 1994 with a herd size of more than five cow-years were included. Conventional herds were matched on size and region, and from these, three herds were randomly selected for each organic herd. This resulted in a study group of 31 organic and 93 conventional herds with data from 1994 through 1997. The study unit was the cow within a lactation. Factors influencing disease incidence were studied by means of a generalized linear model approach. Management system had a highly significant effect on disease incidence. Odds ratios for organic compared with conventional herds were as follows: mastitis, 0.38; ketosis, 0.33; and milk fever, 0.60. Other significant factors that emerged in modeling the three diseases were year and lactation category for mastitis; lactation category, maximum milk yield, and season for ketosis; and lactation category and milk yield for milk fever. There was no marked difference in milk somatic cell count (SCC) between organic and conventional herds. However, cows in organic herds had lower SCC in lactation two and greater counts in lactations six and higher. (Key words: cow, dairy, organic, disease) Abbreviation key: FUm = feed unit in milk production (6900KJ), EA305 = energy-adjusted 305-d milk yield, NDHR = Norwegian Dairy Herd Recording.
INTRODUCTION
Previous research projects in Norway (Ebbesvik, 1993; Strøm and Olesen, 1997) have investigated pro-duction diseases such as mastitis, ketosis, and milk fever in a number of organic dairy herds. Compared with the rates of disease found in the annual reports from the Norwegian Dairy Herd Recording (NDHR), the organic dairy herds in these projects appeared to have fewer occurrences of mastitis, ketosis, and milk fever.
Organic milk production differs from conventional in several ways, some of which may influence the health of the herd. One of the main objectives in organic agriculture is to employ as many of the local natural resources as possible, which, among other restrictions, precludes the use of chemical fertilizers and pesticides. In Norway, certified organic milk producers are allowed a maximum of 30% total energy intake per year from concentrates. Low-intensity production, an accentuated spring calving period, a generally older herd, and a more complex breed composition than is found in the conventional herd are all characteristics of the organic dairy herd.
The aim of this study was to investigate whether or not there were differences in production disease incidence between organic and conventional herds. The reproductive performance in these herds was published by Reksen et al. (1999) .
Norwegian cows are seldom treated with antibiotic at dry-off time, this includes conventional as well as organic herds. A selective dry cow therapy is recommended using SCC at cow level and additional bacteriology information as selection criteria. This is in contrast to North American practices, where virtually 80 to 90% of the cows are treated at drying off. Debio (1994) is the Norwegian control and certification body for organic agricultural production. All organic dairy farms registered in both the NDHR and the Norwegian Cattle Health Recording System, and certified for milk production by Debio in 1994, formed the sampling frame for this study. Herds with less than five cow-years were excluded from the study. The remaining 31 organic herds were categorized based on size (5 to 10, 11 to 15, 16 to 20, and 21 to 45 cowyears) and region (nine regions based on counties). After exclusion of conventional NDHR herds with incomplete feeding records, the conventional herds were similarly categorized on size and region, and then matched on this basis to the organic herds. Three conventional herds were then randomly selected for each organic herd. The final study group consisted of 31 organic and 93 conventional herds.
MATERIALS AND METHODS

Inclusion of Herds
Data from NDHR
Production and health data were extracted from the NDHR database. The individual register provided information on breed, date of birth, and date of culling. The milk register usually has 11 records per year on a cow's daily milk yield and daily ration of concentrates in feed units containing 6900 KJ of net energy for milk production (FUm). From this register, the record with the highest milk yield and highest amount of concentrates per lactation was used. Milk samples from individual cows were obtained for SCC every second month, with the first test taken more than 5 d after calving. SCC were log-transformed for the purpose of normalizing the distribution as recommended by the International Dairy Federation (1997). All existing SCC in the lactation were used to calculate a mean SCC.
By dichotomizing the SCC values as either >200,000 cells/ml or ≤200,000 cells/ml, the proportion of high SCC values out of the total number of SCC values per lactation, was then obtained: HIGH_SCC TOTAL_SCC = number with SCC exceeding 200,000 total number of counts .
A unique observation was created by combining the lactation number with the herd and cow identifier. Lactations with calving dates from the years 1994 to 1997 were included if the period had a complete record, which Each time a disease case is diagnosed by a veterinarian, it must be recorded on the cow's individual health card, after which the information is transferred to the health register. In this study, only the first occurrence of each disease in a specific lactation was considered; different denominators were used for mastitis, ketosis, and milk fever. The disease observations were restricted to certain lactation periods to minimize the problem of censored data. Additionally, accumulated cumulative risk rates of mastitis, ketosis, and milk fever for all first cases within a lactation were calculated as a survival function on a daily basis (Rothman and Greenland, 1998) .
Statistical Analysis
The unit of statistical analysis was the cow within one lactation. Herds were classified as organic or not. All analyses were performed using Version 6.12 of SAS. Descriptive statistics and tests of significance were done using PROC MEANS, PROC TTEST, and PROC FREQ (with the chi-square option). To determine correlation between variables, PROC CORR was employed. Because many factors influencing the results are common within the herd (in particular, herd management), it is essential to adjust for this 'cluster' effect. Under the assumption that responses from different herds would be independent, and whereas responses within herds would be correlated, a generalized linear model approach was taken (Nelder and Wedderburn, 1972; McCullagh and Nelder, 1989) using PROC GENMOD to fit the data. In this study, measurements were recorded repeatedly over time within the herd. Thus, the modeling procedure involved deciding on the best method to deal with these repeated (correlated) measures. In assessing different combinations of variables, interactions, and covariance structures, the exchangeable covariance structure produced the best fit within the GENMOD procedure.
Explanatory or independent variables were described as HERD, BREED (Norwegian Red Cattle/other breeds), ORGANIC (conventional/organic), SEASON (spring = March-May, summer = June-August, autumn = September-November, winter = December-February), YEAR (1994 YEAR ( to 1997 , and LACT_NO (first, second, and greater than second lactation). The diseases MAS-TITIS, KETOSIS, and MILK_FEVER together with the proportion HIGH_SCC/TOTAL_SCC were modeled as response (dependent) variables. Because these variables were all of a binomial nature, the logit link function was used in the modeling procedure.
The full model included all the fixed effect variables described, with HERD as a random effect, and in addition, the highest milk yield or highest amounts of concentrates for all records in the lactation from the milk register. The models were reduced by stepwise removal of the least significant variable (by backward elimination), retaining variables at a significance level of 5%. A number of interactions were also tested in the modeling process.
RESULTS
The mean lactation number in Table 1 shows that on average, cows are older in organically managed herds (mean lactation number was 2.97 in organic and 2.35 in conventional herds). Average culling age also differed between the two management systems. Cows from organic herds were culled at a mean age of 5 yr and 4 mo, compared with 4 yr and 6 mo for conventional herds. The EA305 for cows that had completed 305 d of lactation was 22% lower in organic than in conventional herds. When this comparison was done by lactation, organic herds were consistently lower. Differences ranged from 19 (in the fourth lactation) to 28% (in the first lactation). All these differences were significant at a P value less than 0.01. The use of concentrates was much lower in organic herds; 15.6 FUm per 100 kg of milk compared with 23.6 FUm in conventional herds. The same trend was seen in the use of concentrates as related to the highest milk yield. A strong correlation was found between milk production per lactation and the corresponding use of concentrates (Pearson correlation coefficient = 0.825; P < 0.0001). Organic management was also found to be closely associated with low milk production and reduced use of concentrates. This implied that one could not use variables related to milk yield and use of concentrates simultaneously in the statistical models.
The overall geometric mean SCC was slightly higher in the organic than the conventional herds; the difference between the two means (Table 1 ) was found to be significant (P = 0.016). However, when this analysis was done separately for each lactation (Table 2) , it was found that organic cows had lower mean SCC in first and second lactations, this difference being significant in the second lactation (P = 0.007). Above sixth lactation, the mean SCC was significantly higher in the organic group (P = 0.0015).
Conventional herds had higher proportions of treated cows for all three diseases (mastitis, ketosis, and milk fever) as seen in Table 1 . This is illustrated in Figures 1 through 3, which show a cumulative risk related to calving. In Figure 2 , one can see that the majority of ketosis cases appeared within 9 wk of lactation, thus the choice of 60 d for ketosis monitoring was justified.
PROC GENMOD results are shown in Tables 3  through 5 . Only significant independent variables are shown in the tables displaying estimates, odds ratios calculated from the estimates, and their corresponding 95% confidence intervals. The adjusted odds ratio for mastitis in organic management was 0.38 (0.25 to 0.56) compared with conventional, for ketosis 0.33 (0.18 to 0.58), and milk fever 0.60 (0.38 to 0.94). For mastitis, year and lactation category also had significant effects. There was an increasing risk of mastitis with increasing lactation number. The trend of less mastitis treatments, which was observed in this study, is also found in the NDHR.
For ketosis, the following factors (in addition to management system) had significant effects: lactation category (lowest risk in first lactation), maximum milk (increasing risk with increasing yield), and season (lowest risk during summer).
The relative rate of calvings in relation to season was 14% higher for organic herds in spring, equal in summer, 11% lower in autumn, and 3% lower in winter. This gave a larger proportion of the cows in organic herds with peak milk production in the grazing season.
Lactation number and highest milk yield were found to be significant factors for milk fever; however, because milk fever is very rare in first and second lactations (Østerå s and Spanne, 1999), these were not included in our analyses, resulting in a reduced dataset. None of the tested interactions were found to be of significance. The proportion HIGH_SCC/TOTAL_SCC was not significantly different between organic and conventional management, showing that the occurrence of subclinical mastitis was at a fairly equal level.
DISCUSSION
Comprehensive information on production and disease are collected for every cow individually in the NDHR database. Because this is field-based registration information, the data are likely to be burdened to some extent by faults and lack of completeness (Solbu, 1983) . However, this would be an effect common to all the information, and thus this paper is based on the assumption that the registration data quality in the selected herds is essentially the same, and will be balanced by random selection of herds within the NDHR.
Organic farms tended to have older cows than conventional herds, and in the statistical models, the lactation category was a significant explanatory variable for all three diseases studied. As shown in Figures 1 through 3 (cumulative risk rates), and Tables 2 through 5 (relative odds ratios), the risk of disease increased with lactation number. This observation is valid for both organic and conventional dairy husbandry, and is in agreement with results from the Norwegian population (Østerå s and Spanne, 1999).
The treatment rate of mastitis was much lower in organic compared with conventional herds. In organic farming, the withdrawal time for milk delivery after antibiotic therapy lasts longer than in conventional farming. Furthermore, medication with any kind of artificially produced drug (like antibiotics and hormones) is inconsistent with the idea of organic farming, as this system urges the use of natural resources whenever possible. This being the case, mastitis occurrences would not necessarily be treated by veterinarians, and hence there would be fewer cases recorded in the database used in this survey. Given this lower treatment rate, the concern might be that the udder health is worse in the organic herds. To assess this, the proportion of high SCC was used as an objective measure of subclinical mastitis. No marked difference was found between organic and conventional herds, which implies that the lower veterinary treatment rate did not lead to more chronic subclinical mastitis. It is possible that some of the mastitis cases in organic herds are handled by frequent hand milking rather than conventional antibiotic therapy and thus may not have been recorded. The occurrence of ketosis was also markedly different between organic and conventional farms, with organic farm cows being only one third as likely as conventional farm cows to have a ketotic event. The difference in maximum milk production does account for some of the difference and is included in the model. Also, one might expect more ketosis because of the limited use of concentrates in organic farming, where the maximum limit for concentrates is 30% of the feed ration. But, because of the high correlation between milk production and use of concentrates, both factors could not be in the model simultaneously. As has been previously discussed (Hardeng, 1998) , the feeding regime was found to differ in the two herd-management categories. Conventional husbandry was dominated by use of concentrates and silage; these two components represented about 75% of the feed ration based on energy. The corresponding percentage for organic husbandry was about 50; hay, pasture, and root crops were used more extensively. Strøm and Olesen (1997) proposed that a low risk of ketosis in the organic herds could be the result of more variation in the composition of the forage. A decrease in treatment rates with an increase in the number of different feedstuffs was also shown by Riemann et al. (1985) . The basis for this is suggested to be a more tasty diet and consequently a higher feed consumption. Organic husbandry also differs from conventional in that cows spend more of their time outdoors. It is common practice for the cows to be let outside daily for at least 30 min of open air year round. This practice could well be a discerning factor in the health of the herd (Ekesbo, 1966) . Because organic farms have more cows in higher lactations, we would expect to find a higher risk of milk fever compared with the conventional farms. However, the opposite was true. Part of the explanation is shown in Table 5 , where for each kilogram increase in peak milk production, the risk of milk fever increased by 5%. In organic herds, the mean maximum milk yield was 4.6 kg lower than in conventional herds (Table 1) , so calcium depletion through milking would be much reduced. Harris (1981) reported a higher incidence of milk fever when pastures were fertilized with potash and super phosphate, a practice that is not employed in organic agriculture. Lately, the focus has been on dietary management before calving, emphasizing the cation-anion balance as an important element in the prevention of milk fever (Horst et al., 1997) .
This study clearly demonstrated a comparatively better health performance in organic husbandry, particularly with respect to ketosis and mastitis, but also for milk fever. Other studies have also reported low disease incidences in organic herds (Ebbesvik, 1993; Vaarst et al., 1993; Vaarst and Enevoldsen, 1997; Weller and Cooper, 1996; Strøm and Olesen, 1997; Bowling, 2000), but no others have designed their study to specifically compare organic and conventional management in relation to production disease incidence.
In the present study, we attempted to incorporate different elements of husbandry practices as potential factors in the disease outcomes. Our results showed that organic herds had less disease treatment than conventionally managed herds. Some of this could be explained by the different attitude and choice of disease management, resulting in less reported disease in organic husbandry. Another explanation could simply be that better skills and performance are exhibited among organic farmers, but it is also possible that the principles applied in organic agriculture can contribute to better health management in general. This study clearly demonstrated the importance of parity when production diseases in organic and conventional dairy husbandry are compared.
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